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Primary Focus

B Annotation
— Gene features/GO assignments
— Biochemical pathways

# Comparative analysis
It SNPs across all category A-C orgs

B Instructional Classes
— Annotation/SOPs
— Software
— Web usage

it Open Source Software Support



TIGR/BRC Organisms

W Bacillus anthracis,

¥ Burkholderia mallei

W Burkholderia pseudomallei
i Clostridium botulinum

8 Clostridium perfringens

| Francisella tularensis.



Karen Nelson
Associate Investigator

[

Owen White Steven L. Salzberg
Director of Bioinformatics Senior Director
Bioinformatics
Metabolism Data Curation Jeremy Peterson Anup Mahurkar Assembly, SNPs
i Bioinformatics -
! Manager Software Engineer
Martin Shumway
William C. Nelson | Software Eng
Bioinformatics Software Software Manager
lan Paulsen Analyst Development Maintenance Wb Gonterfi
Associate Investigator
Samuel Angiuoli - -
Bicinformatics Todd Creasy Tanja Davidsen Kelly S. Moffat Arthur Delcher
Sean Daugherty Supervisor Bioinformatics Bioinformatics Laboratory Data Sr Bioinformatics
Bioinformatics Engineer II Engineer || Specialist Scientist
Transporters Analyst |
Charles Lu ikt Zaf
Bioinformatics Ikhat zarar Hean L. Koo Mi
. N — - 2 ichael Schatz
Qinghu Ren Lauren Brinkac Engineer Il Bioinformatics Laboratory Data Software Engineer
Post-doctoral — - Engineer | Specialist
R h Bioinformatics pecialis
esearcher Analyst |
| Jaideep P.
Sundaram
Jonathan Eisen Robert Dodson Bioinformatics Daniel Kosack
=l Bioinformatics Engineer 1l Software Engineer
Full Investigator Analyst 1l
Robert DeBoy Christopher R.
Bioinformatics - _Hauser_ Corina Antonescu
Phylogenetic Analyses Analyst Il Bioinformatics Bioinformatics
L | Engineer Il Engineer
Michelle Giglio
Staff Scientist IlI




Microbial Software
& Services

www.tigr.org/software



Software

i Mummer - whole genome alignment.

B Glimmer - gene finding system.

i Manatee - manual annotation tool.

B Workflow - custom pipelines.

i Sybil - comparative analysis system.



Mummer 3.0
# MUMs: Maximal Unique Matches

— Algorithm finds all matches
— String them together and align gaps

# Suffix trees
— Fast alignment of long DNA sequences

— Linear time and space requirements
— Streaming algorithm

# Memory maximization
— 2 year dev time optimizing suffix tree impl.



Mummer Performance

On a 2.4 GHz Pentium PC running Linux:

3.0 2.0
Mb Time Mb Time
E. coli K12 vs. E. coli O157 | 78 13s 102 14s
P. falciparum all 552 16:15 | 752 18:29
chromosomes vs. P. yoelii
D. melanogaster arm 2L vs. 467 13:55 | 465 14:39
D. pseudoobscura all contigs




TIGRFams

# Heavily curated multiple alignments based on protein
families of the same function.

® Proposed “cure” for transitive annotation.
# Based on Hidden Markov Models (HMMs).
g >]1,000 famailies.
®# Complete assignments to GO.
® Cutoff scores for each family.
. Trusted (automated name assignment)
. Noise (manual inspection required)

®# Downloadable. Fully integrated into Interpro.



TIGRFAMSs: Orthologous Families
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3-tier Architecture

Application specific API




3-tier Architecture
B API

— Unified access to data for client apps
— Decouples client applications from SQL

i Portable
— Cross schema/vendor support
— Perl

it Extensible
— Application specific API and database layer

it Thin/Lightweight
— Single layer between client and SQL



Manatee

« MANual Annotation Tool Etc, Etc...




Listeria monocytogenes 4b | Genome Summary

The Geneme Summary page gives a brealcdown of the characteristics of the genome. A1 features such as ribosomal binding sites EMNAs phages inteins,
and terminators are shown. The page also gives a brealcdown of the start sites and their frequency Each molecule in the project is charactenzed showing
the length, GC content. base frequencies, Percent coding and a link to the oligomernucleotide skew table.

Featiures Count | feat_type Start Sites Numher Percent
v ribosome binding site 2963 EBS VATG: 2425 B2 1%
) ' (2292) (84 7%)
v Open Eeading Frame 2858 OEF
- - Reave 265 9.0%
v tho-independent terminator | 752 TERII : (216) (3.0%5)
» transfer BIA 67 tRITA . 265 G (0%
MTTS 197 3%
b tibosomal RITA 18 | rRNA ) (L)
: 0 0.0%
v Bactenophage 2 PHAGE :
phag »OTHEE: 0 0.0%)
- i Bl 2 st Humbers m parentheses do not mclude hypothetical
protemns
‘uniror 938" Informuation Tubie
vAssembly T 942
vType: chromesome
vIfolecule Length: 2905309 bp
v 5C Content: 38%

vBase Frequencies:

W  © w @O
31.1% 19.1% 18.9% 30.9%

vFunny Characters:

a
1

vIMumber of ORFs: 2958

vAverage Gene Length: 875 nt

+Percent Coding; 89 2%

vPercent Coding OF tREIVA, rRITA, or Repeat: 39.2%

»Zkew Takle
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MHame: cell growih and/or mainienance Absolute Path in GO Tree: 1 instance detected

Type: process +ontology (TI:0000001) [R]I1733

Definition: Any process required for the survival and growth of a +Gen?_ont?logy (GO:0003673) [P]1739
cell, thiclogical process (GO:0008150) [P]1730

+cell growth and/or maintenance (G0:0008151) [:
Comment; TNDEFINED
dxrnotern: NONE

Aecondary ID: NONE

View Mode: Regular

+0ontology (TI: 0000001 [R]1739
tzene Cntology (GO:0003673) [P]1V3IR
tbiclogical preocess (E0:0008150) [P]1730
+cell growth and/or maintenance (GO:0008151)([I] 1316

ttransport (E0:0006810) [I]300
+cell proliferaticon (E0:0008283)[I]
t+autophagy (E0:0006914) [I]
+=ztress response (GO: 0008950 [T]11%
chemi-mechanical coupling (GO:0006%943) [I]
+cell motility (GO:0006928) [I129
tmembrane fusion (GO: 0006944 [I]
+zell-cell fusicon (E0:00069%47) [I)
+budding (@0:0007114) [I]
+zporulation {(Z0:0030435) [I]3
+homeostasis (GO:0019725)[I]113
+cell organization and biogenesis (0:0016043) [I]50
toell coycle (G0:0007049)[I]33
+cell growth (E0:001604%5%) [I]

+regulation of cell szhape and cell =ize (GO:0007148)[I]15
+death (Z0:00168265) [I]1
biclogical process unknown (GO:0000004) [I]380
+viral life cycle (GO:0016032)[I]
+rhysiological processes (E0:0007582)[I]14
tdevelopment (Z0:0007275) [I]14
+cel]l communication (E0:0007154)[I]71

+metabolism (GO:0008152) [I] 9320 oo




B Fip text goes here

[ ]
GENE CURATION INFORMATION
| ORFA01956 (BRA1080) | endsiend3: 1063328 /1062486 | database  [por e n e n O rm a 1 O n a e
T e
Reload Page mol. wt.: 30372.93 _ NewGene |
[SelectFuncion  gme] Rsfiesh Searches

GENE IDENTIFICATION
Gene Name

Gene Symbol

EC Number

[peptide ABC transparter. permesse protein

comment:

[starc confidence Low
/s GE5 regions. Appears to be located in a
laipepride transport operon - LB

auto_comment

s

GENE ONTOLOGY

Nene Assigned

Addgoid  Ev_code Reference Wi
I | = [ =
I EE = [ B
[ |

142; Transport and binding proteins, Amino acids, peptides and amines

[Adu fole ids (separatewith spaces): Delete role_ids (click on ids above):

[+ start site edit:lbrinkac
start confidence is high.
[~ completed: Ibrinkac

z

HMM

Er# role- i
none none

Total expect: 5.4e-09

PF00528: Binding-protein-dependent transport systems inner membrane
component

lsology: domain

ene_ sy
none

Moise cutoff 9.90

Totalscore: 43.3 Trusted cutoff 10.00

Yiew Alignment
align page

Rl Coords
177477

Coords:
167-243

ECOre
43.3

Expect
5.4e-09

Curation
=

[Add To GO Evidence]

tabn
ORFA01356

PRo0528: Bindingg¥Ein-c
Prosite: PSoosgiffding-p
— Characteriz<gifftn: o3¢
PRINT: PR
PF00528: Binding-protein-dependent transport systems inner me; e gene_sym
component none

Isology: domain Total score: 43.3 Trusted cutoff. 10, Naise cutaff: 9.90

View Allgnment Coords HMM Coords Expect  Curation I
align page 167-243 177177 5.4e-09 I~

PS00402: Binding-protein-dependent transport systems inner membrane comp. i
Match sequence: LEVREREHVEAAIAAGAGSGRILFKHILP

FS00402: Binding-protein-dependent transport systems inner membrane comp. sign.
Match sequence: LEVREREHVEAAIAAGAGSGRILFKHILP

Coords
16841586

Precision
73

Recall
063

Curation

P [Add To GO Evidence]

Coords Precision Recall Curation
1681196 073 063 ~ [Add T

Query Sequence ORFAQ1956 - Length 281 aa.
IPRO00515 PEO052E

nat stored Binding-protein-
systems inner mi

not stored

IPRO01891 FRO0173

InterPro

IPRO00515

Binding-protein-dependent transport systems inner membrane component
1PRO01891

Sodium:dicarboxylate symporter family

- ATTRIBUTES :-
No Frameshifts Detected.

View Paralogous Families

Domain : fam_PF00528

Domain : fam_187

= ATTRIBUTES :-

Mo Frameshifts Detected.
View Paralogous Families

Domain : fam_PF00528
Doemain : fam_187

SIGNAL P

No signalp information available. [Run signalp]

No signalp information available. [Run signalp]

LIPOPROTEIN INFORMATION
No LP Information Available

LIPOPROTEIN INFORMATION

No LP Information Available




CHARACTERIZED MATCH

(aln) SP:P94312 coords: 26 /281 score:23 Pvalue:6.6e-45 per_id: 46.9% per._sim: 65.9% [Add To GO Evidence]

Pair-wise Alignment Summary

Delete accession: |

Add accession: | [Add To GO Evidence]

alesionioisiu
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Manatee: Implementation

~15 reports
Linux OS

Fully database independent.

Mysql

Sybase
Perl Application programmer interface (API).
Web compatible.

Documented
Example databases available.
Online user docs.
Programmer/interface.
Installation.

Installed at several sites/contributions from other
develonere receilved



Chado: Open Source Database

OO0 000

Sequence Comp analysis General Organism

B Collaborative relational database ~15 people.
— Flybase/Harvard
— GMOD Consortium

B Composed of several modules
B Freely available as open source

B Many support tools under development by several
laboratories. (see www.gmod.org)



Annotation attributes

Annot. Attribute terms

Gene name
EC#
Gene sym
GO
I protein
- CDS
transcript

\»featureprop:
=

. , type id =
Genomic Contig -~ _
value = cvterm:
cv_id

cvterm_id
name



= Feature (

Featureloc

Scaffold mappings

match

’ ) featureloc:
nbeg =z
nend = w
rank = 1
locgroup =0
srcfeature id =

featureloc:
nbeg = x
nend =y
rank =0
locgroup =0
srcfeature id = *

» NNNN.g

featureloc:
nbeg = x
nend =y
rank =0
locgroup = 1
srcfeature id =

» NNNN.g

Genomic scaffold

» Contigs



Multiple alignments

member sequence member sequence
— Multiple
alignment (
feature featureloc: featureloc:
nbeg =z nbeg =z
nend = w nend = w
featureloc rank = 0 rank = 1
locgroup =0 locgroup =0
residues = [text] residues = [text]
srcfeature id = srcfeature id =
featureloc: featureloc:
nbeg = X nbeg = X
nend =y nend =y
rank =2 rank =3
locgroup =0 locgroup =0
residues = [text] residues = [text]

srcfeature 1d = member sequence  member sequence  srcfeature id =



Sequence variations
SNPs (redundant mapping to protein)

rotein
featureloc ] oo featureloc:
catureloc: residue_info = “I”
residue info = “T” nbeg =z
rank = 1 nend =z
locgroup =1 rank =0
locgroup =1

srcfeature_id = *

featureloc: featureloc:
residue info = “A” residue_info = “G”
nbeg = x rank = 1
nend = x locgroup = 0
rank =0
locgroup =0
srcfeature_id = *

A=>GQG

Genomic Contig



Chado <->BSML

#t No problem.

# Heavily documented

it Scaffolds

# Attribution

HCV terms

# Linkage into other documents

# Large-scale file management



c I @ W;ebjages%m)
s j
ement 0O

Project architecture

API

E{-T@=% -E

Workflow T =




Workflow System

Viewing systems exist (e.g., gbrowse, Apollo, Manatee,
Artemis), but how to create data?

# Implemented in Java, ~5000 lines

| Describes workflow as a directed acyclic graph
B Supports serial and parallel processes

® Executes onto Condor/LSF

B Two main files:

— Human-readable config files
— XML templates

#® config file + XML template = XML “instance”



Workflow System

i XML instance, contents:
— Complete description of pipeline
— Contains status of pipeline

— Allows monitoring:
 resumption of failed instances

« straightforward tracking of multiple instances



Workflow Computes

= Blast

it Position effect
(conserved gene order)

# MUMmer

_ SNPs ._’%—

Bt PROmer

a e

1608}y
-

B Gene families
— COGs
— Paralogs

MUMmer - G ]—

PROmer

Primary output: BSML-XML



Data Prep For Comparative Analysis

|

GenBank Files
EMBL Files
Custom Files
XML

-GFF

-BSML
TIGR Original DB

GMOD

R
N

~
Chado

B

MUMmer - %

S

PROmer



Select Match Analysis:

|'| GR

THE INSTITUTE FOR GENOMIC RESEARCH
Microbial Synteny Tools: Match Table Display Launcher

Streptococcus pneumoniae strains comparison (pneumo)

Position Effect | »|

Select Molecules for Analysis {Top molecule will be made reference molecule)

5 pneum

S.pneumoniae 670

Subimit | Hesetl
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By using information from an assembly of a genome, a new program called AutoEditor significantly improves base calling accuracy over that
achieved by previous algorithms. This in turn improves the overall accuracy of genome sequences and facilitates the use of these sequences for
polymorphism discovery. We describe the algorithm and its application in a large set of recent genome sequencing projects. The number of
erroneous base calls in these projects was reduced by 80%. In an analysis of over one million corrections, we found that AutoEditor made just
one error per 8828 corrections. By substantially increasing the accuracy of base calling, AutoEditor can dramatically accelerate the process of
finishing genomes, which involves closing all gaps and ensuring minimum quality standards for the final sequence. It also greatly improves our
ability to discover single nucleotide polymorphisms (SNPs) between closely related strains and isolates of the same species.
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